The global incidence of thyroid cancer has steadily increased, however mortality has remained unchanged as most thyroid malignancies are well-differentiated (WDTC) with indolent behavior. The incidence, however, of poorly differentiated (PDTC) and anaplastic thyroid cancer (ATC) have also increased proportionally and these are aggressive tumors associated with significant morbidity and mortality (1) . PDTC has been recognized as a distinct entity that represents an intermediate position in the sequence of de-differentiation from WDTC to ATC with unique histopathology, molecular abnormalities, and diagnostic criteria (2) .
Thyroid carcinoma is a continuum of diseases, where at one end there is papillary thyroid cancer, the human cancer with one of the best prognoses, a long term survival >98%. On the other end of the spectrum is ATC, the deadliest human cancer, with almost 99% mortality. It is an amazing and biological enigma that in the same human organ we see this huge variation. The molecular biology of this disease may help us to understand this spectrum and help in providing targets for therapy.
The development of PDTC is hypothesized to be secondary to a "multi-hit" process that includes both early and late driver mutations (3). Early drivers most commonly include mutations in BRAF or RAS and have been well described in the molecular pathogenesis of WDTC. Later drivers, which are also seen in ATC, include TP53 and TERT. Mouse models have been created previously in attempts to study the dedifferentiation process based on an early point mutation (BRAF V600E) with later TP53 inactivation, however they rapidly progressed and often skipped PDTC stage (4) .
For this reason, Nikitski et al. recently developed a novel mouse model utilizing STRN-ALK gene fusion as the early driver mutation, which has not been previously described (5) . Transgenic mice (STRN-ALK; p53KO) were created to investigate the effect of STRN-ALK expression combined with loss of p53 in the de-differentiation pathway. The mice were divided by age group (6-, 12-, and 18-month) and maintained on a normal diet or on goitrogen treatment. Thyroid tumors were initially detected using ultrasonography. At 12 months, 48% of the mice on a regular diet and 86% of mice treated with goitrogen developed confirmed thyroid cancers. Irrespective of goitrogen treatment, thyroid cancers in the mice showed aggressive histologic features and lung metastasis was found in 8 (24%) of tumor-bearing mice.
Thyroid tumors in the mice included WDTC (n=26), PDTC (n=21), and ATC (n=8). All PDTC tumors met Turin diagnostic criteria, however further histological analysis of the PDTC tumors lead to the identification of two subtypes with unique histologic and immunohistochemical characteristics. PDTC1 tumors had a lower N:C ratio and preserved stronger immunoreactivity for thyroglobulin and E-cadherin. PDTC2 tumors had a higher N:C
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Variable response to radioactive iodine treatment in poorly differentiated thyroid carcinoma ratio and pronounced loss of thyroid differentiation on immunohistochemistry. The gene expression profiles of the different subtypes were investigated using RNA-Seq and qRT-PCR for further validation. The principal component analysis of tumor transcriptional profiles showed the PDTC1 and PDTC2 clustered separately from each other, as well as from benign thyroid and WDTC. The expression levels of genes involved in thyroid differentiation, iodine uptake, and metabolism (e.g., Tg, Tpo, Ano1, and Duox2) were significantly decreased in PDTC2, but not PDTC1. Notably, the expression of Slc5a5 (NIS) was significantly lower in both types of PDTC when compared to normal thyroid tissue, however the average expression was approximately two-fold lower in PDTC2.
This work demonstrates a novel mouse model that clearly demonstrates the dedifferentiation of thyroid cancer and introduces the possibility of two unique PDTC subtypes for the first time. The distinction of PDTC subtypes at the molecular level, particularly in regards to expression of Slc5a5 (NIS), is of great interest given the potential clinical implications for radioactive iodine (RAI) avidity in these high-risk tumors within humans. These findings provide genetic evidence to explain the variability of response to RAI treatment that has been clinically observed in human PDTC (6, 7) . Further work is needed to evaluate the functionality of NIS expression in PDTC1 and PDTC2 by specifically examining RAI uptake within these tumors, however this study represents huge strides in our understanding of the molecular genetics of lethal thyroid tumors.
